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(54) Electrode structure of display panel and electrode forming method 



(57) An electrode structure of a display panel in- 
cludes a plurality of electrodes (51 ) formed in blocks on 
a substrate (1 1 ) constituting the display panel, the elec- 
trodes including display electrode portions (51 a v 51 a 2 ) 
provided substantially in parallel in a central part of the 
substrate (11 ), and oblique lead electrode portions pro- 
vided in a predetermined number for each block. The 
oblique lead electrode portions lead from the display 
electrode portions (Sla^SIa^ to reach terminal por- 
tions (33a 1t 33a 2 ) at an end of the substrate (11), and a 
dummy electrode (6a) is provided between the two ob- 
lique lead electrode portions extending in different di- 
rections from a block boundary portion (B) for limiting a 
flow of an etching solvent into the block boundary por- 
tion (B) during etching when the electrodes are formed. 
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Description 

[0001] The present invention relates to an electrode 
structure of a display panel and an electrode forming 
method, and more particularly to an electrode structure 
of a display panel, for example a plasma display panel 
(PDP), a liquid crystal display panel (LCD), an electro 
luminescence display (EL) or the like, in which elec- 
trodes are formed on a substrate through etching, and 
an electrode forming method. 

[0002] In a display panel of this kind, generally, elec- 
trodes are often formed through etching. In the case 
where the electrodes are to be formed on the substrate 
through etching, first a layer of an electrode material 
such as ITO, Sn0 2 , Cr, Cu or Ag is uniformly formed 
over the whole surface of the substrate by evaporation, 
sputtering or printing such as slot coating, then a resist 
pattern having a geometry of the electrodes is formed 
on the electrode material layer by photolithography or 
the like, and the electrode material layer is etched by 
pouring an etching solvent like a shower over the resist 
pattern, i.e., by a so-called spray etching. 
[0003] In recent years particularly, a so-called con- 
veyer type inline manufacturing system has been the 
mainstream of display panel manufacturing apparatus 
as mass production has been demanded. In the inline 
manufacturing system, processing is continuously car- 
ried out while delivering a panel substrate on a conveyer 
line. For this reason, the spray etching is also carried 
out by spraying the etching solvent sequentially onto 
substrates by a spray device provided in a fixed position 
while delivering the substrates through the conveyer 
line. 

[0004] In the above-mentioned display panel, elec- 
trodes having a geometry as shown in Fig. 12 are 
formed on the substrate, for example. Fig. 12 shows an 
example of electrodes formed on a glass substrate on 
a front face side of a 3-electrode surface discharge type 
PDP. In this PDP, a plurality of pairs of electrodes X and 
Y for generating a main discharge (surface discharge) 
for display are provided in a horizontal direction on a 
central part (display region) of a substrate 11. These 
electrodes X and Y are divided into a plurality of blocks 
and are collected and converged for each block on ends 
of the substrate 11 (outside the display region). 
[0005] In this example, the electrodes X are con- 
verged on one side of the substrate 11 (the left side in 
the figure) and the electrodes Y are converged on the 
other side of the substrate 1 1 (the right side in the figure). 
The electrodes X and Y are connected to flexible cables 
34 at terminal portions 33 on a substrate end on said 
one side and on a substrate end on said other side, re- 
spectively, with use of an anisotropic conductive adhe- 
sive or the like and are connected to drivers. 
[0006] In Fig. 12, for simplicity of description, eight 
display lines (a display line represented by a pair of elec- 
trodes X and Y) form one block (or group) and the elec- 
trodes X and Y of each block are converged on the ter- 



minal portions 33 on one side and on the other side. In 
an actual display panel having 480 display fines, for ex- 
ample, the display lines are divided into four blocks, 
each block having 1 20 display lines, though the division 

5 of the display line depends upon the performance of 
drivers. In each of the blocks, 120 electrodes X and 120 
electrodes Y are converged on the terminal portions 33 
on one side and on the other side and are connected to 
the flexible cables 34 at the terminal portions 33, respec- 

10 tively. 

[0007] In the above-mentioned display panel, as the 
size is increased and high definition is sought for, the 
width of electrodes is reduced. Consequently, the shape 
and the dimension of the electrodes obtained after etch- 
's ing are required to have higher precision and uniformity. 
[0008] However, when the electrode material layer is 
etched by the spray etching method while delivering the 
substrate by means of the inline manufacturing system, 
the etching solvent is excessively supplied to a block 
20 boundary portion B of the resist pattern formed on the 
electrode material layer and the electrode material layer 
is over-etched in this portion. This problem is now de- 
scribed. 

[0009] Fig. 13 is a view illustrating the details of an 
25 end of the substrate on which the electrodes X and Y 
are formed. Hereinafter, for convenience, rectilinear 
portions of the electrodes X and Y arranged almost par- 
allel in the display region of the substrate will be referred 
to as discharge electrode portions 51 , and oblique por- 
30 tions of the electrodes X and Y which extend from the 
discharge electrode portions 51, converge in a prede- 
termined number for each block and reach the terminal 
portions 33 at the end of substrate, will be referred to as 
lead electrode portions 52. 
35 [0010] Asshown in Fig. 13, at the end of the substrate, 
the discharge electrode portions 51 of either X or Y elec- 
trodes of the electrode pairs alone (for example, only 
the Y electrodes) are led out by the lead electrode por- 
tions 52 and reach the terminal portions 33. Conse- 
co quently, with regard to the Y electrodes, electrode dis- 
tances between the electrodes are smaller in the termi- 
nal portions 33 than in the display region. In the block 
boundary portion B, however, since the lead electrode 
portions 52 of Y electrodes in adjacent blocks extend 
4S obliquely in such directions as to keep away from each 
other (i.e., in opposite directions) with the block bound- 
ary portion B interposed therebetween, the electrode 
distances are greater in the terminal portions 33 than in 
the display region. Furthermore, an electrode interval (a 
so gap) between the electrodes X and Y of each electrode 
pair which acts as a discharge slit (discharge portion) is 
smaller than the electrode distances in the terminal por- 
tions, and an electrode interval (a gap) between the 
electrodes X and Y of adjacent electrode pairs which 
55 acts as an inverse slit (non-discharge portion) is greater 
than the electrode distances in the terminal portions. In 
other words, the electrode distances are little different 
in the central part of the substrate and are much greater 
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in the block boundary portions at the end of the sub- 
strate. This difference in the electrode distances (i.e., in 
the density of the electrodes) at the end of the substrate 
causes a problem during etching. 

[0011] Fig. 14 is a view illustrating the details of an s 
end of the substrate on which the resist pattern for form- 
ing the above-described electrodes is provided. As 
shown in Fig. 14, when the resist pattern for the elec- 
trodes, that is, a resist pattern 51a for forming the dis- 
charge electrode portions, a resist pattern 52a for form- 10 
ing the lead electrode portions and a resist pattern 33a 
for forming the terminal portions, is provided and the 
spray etching is carried out while delivering the sub- 
strate 11 in a direction of an arrow K, a flow in a relative 
direction shown by an arrow F is generated in the etch- 15 
ing solvent for the following reason. 
[O012] Fig. 15 is a view illustrating a section taken 
along the line A A in Fig. 1 4. In general, the resist pat- 
terns 51 a, 52a and 33a have hydrophobicity and have 
the property of repelling etching solvent 36. For this rea- 20 
son, the etching solvent 36 does not get on the resist 
patterns 51a, 52a and 33a easily and swells over the 
electrode material layer 31 . Accordingly, the etching sol- 
vent 36 flows in the direction shown by the arrow F with- 
out getting over the resist patterns 51 a, 52a and 33a. 25 
[0013] In Fig. 14, attention will be paid to the block 
boundary portion B of the resist pattern. At the substrate 
end, the interval between terminal electrodes in the 
block boundary portion is larger than the interval be- 
tween terminal electrodes which are not positioned in 30 
the block boundary portion, and has a larger area for 
receiving the etching solvent. Consequently, the inflow 
of the etching solvent into the block boundary portion B 
is larger. In the display region, however, the electrode 
interval in the block boundary portion B is equal to the 35 
electrode distances of other electrodes. Accordingly, 
when the etching solvent, flowing in the F direction at 
the substrate end, concentrates along the resist pattern 
52a for forming the lead electrode portions and flows 
into the display region, the inflow of the etching solvent 40 
increases in the display region, so that a flow velocity is 
increased. 

[0014] As shown in Fig. 15, therefore, an etching 
speed of a part of the electrode material layer 32 posi- 
tioned in the block boundary portion B is larger than that 45 
of a part thereof which is not positioned in the block 
boundary portion B. As a result, the discharge electrode 
portions 51 of the electrodes (shown as shaded in Fig. 
14) positioned in the block boundary portion B are over- 
etched as compared with the discharge electrode por- so 
tions 51 of the electrodes which are not positioned in the 
block boundary portion B and thus have smaller widths. 
[0015] Fig. 16 corresponds to Fig. 15, showing the 
shape of the electrodes after etching. As shown in Fig. 
1 6, the discharge electrode portions 51 (shown as shad- 55 
ed in Fig. 16) of .the electrodes positioned in the block 
boundary portion B are formed to be narrower than the 
discharge electrode portions 51 of the electrodes which 



are not positioned in the block boundary portion B. That 
will be a cause of uneven display on the finished display 
panel. 

[0016] As shown in Fig. 13, furthermore, the elec- 
trodes to be conveyed (the Y electrodes in Fig. 1 3) are 
provided obliquely such that the electrodes of adjacent 
blocks keep away from each other in the block boundary 
portion B at the end of the substrate. Therefore, the in- 
terval between the adjacent electrodes in the block 
boundary portion B is larger than the electrode distanc- 
es in other portions. Consequently, a coupling capacity 
between the electrodes having a larger electrode inter- 
val is different from that between the electrodes having 
smaller electrode distances. Thus, electrical character- 
istics also have nonuniformity. 

[0017] In consideration of such circumstances, it is an 
aim of the present invention to provide an electrode 
structure, and forming method, of a display panel in 
which a dummy electrode for limiting the flow of etching 
solvent is provided at a block boundary portion at a sub- 
strate end to prevent excessive etching of an electrode 
material layer positioned at the block boundary portion. 
In a preferred embodiment, after manufacture the dum- 
my electrode may be utilized also for correction of non- 
uniform coupling capacity, thereby eliminating the non- 
uniformity of electrical characteristics which would oth- 
erwise be involved with the discontinuity in the intervals 
between terminals. 

[001 8] A first aspect of the present invention provides 
an electrode structure of a display panel comprising: a 
plurality of electrodes formed in blocks on a substrate 
constituting the display panel, the electrodes including 
display electrode portions provided substantially in par- 
allel in a central part of the substrate, and oblique lead 
electrode portions provided in a predetermined number 
for each block and extending obliquely from the display 
electrode portions to reach terminal portions at an end 
of the substrate, for each block the lead electrode por- 
tions converging towards associated terminal portions, 
and there being a dummy electrode provided between 
two oblique lead electrode portions extending in differ- 
ent directions from a boundary portion between two ad- 
jacent blocks, for limiting a flow of an etching solvent 
into the block boundary portion during etching when the 
electrodes are formed. 

[0019] The present invention may provide that a fine 
electrode pattern can be fabricated more uniformly with 
high precision. Consequently, it is possible to prevent 
display unevenness in the block boundary portion. 
Moreover, in a case in which a coupling portion for cou- 
pling the dummy electrode and a lead electrode portion 
is provided, the coupling capacity of the electrodes may 
be made almost equal in all the electrodes. Therefore, 
it is possible to obtain a display panel having uniform 
electrical characteristics. 

[0020] Second and third aspects of the present inven- 
tion are provided by the methods of claims 6 and 10. 
[0021] Features and advantages of preferred embed- 
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iments of the present invention will become more appar- 
ent to those skilled in the art from the following descrip- 
tion with reference to the accompanying drawings, in 
which: 

Fig. 1 is a perspective view partially showing a gen- 
eral AC type 3-electrode surface discharge PDP, 
Fig. 2 is a view illustrating an electrode structure of 
a display panel and an electrode forming method 
according to an embodiment of the present inven- 
tion, 

Ftg. 3 is a view illustrating a flow of etching solvent 
according to the embodiment, 
Fig. 4 is a view illustrating a section taken along the 
line B B in Fig. 3, 

Fig. 5 is a view corresponding to Fig. 4 showing the 
shape of electrodes after etching according to the 
embodiment, 

Fig. 6 is a view illustrating a first variant of a resist 
pattern for forming a dummy electrode according to 
the embodiment, 

Fig. 7 is a view illustrating a second variant of the 
resist pattern for forming a dummy electrode ac- 
cording to the embodiment, 

Fig. 8 is a view illustrating a third variant in which 
the width of the resist pattern for forming a dummy 
electrode is changed according to the embodiment, 
Fig. 9 is a view illustrating an example in which a 
resist pattern for forming a coupling portion to cou- 
ple the dummy electrode to a lead electrode portion 
is provided according to an embodiment, 
Fig. 10 is a view illustrating a difference in coupling 
capacity values of the lead electrode portions, 
Fig. 1 1 is a view illustrating a state in which the cou- 
pling portion is formed according to the embodi- 
ment, 

Fig. 1 2 is a view illustrating a conventional electrode 

structure of a display panel wherein electrodes are 

formed on a panel substrate, 

Fig. 13 is a view illustrating the details of an end of 

a substrate on which X and Y electrodes are formed 

according to the conventional art, 

Fig. 14 is a view illustrating the details of an end of 

the substrate on which a resist pattern for electrode 

formation is provided according to the conventional 

art, 

Fig. 15 is a view illustrating a section taken along 
the line A A in Fig. 14, and 

Fig. 16 is a view corresponding to Fig. 15, showing 
the shape of electrodes after etching according to 
the conventional art. 

[0022] In the present invention, the substrate consti- 
tuting the display panel may be a substrate of glass, 
quartz, ceramic or the like, on which a desired structure 
such as electrodes, an insulating film, a dielectric layer 
or a protective film may or may not be formed. 
[0023] It is sufficient that the electrode is constituted 



by the display electrode portion and the lead electrode 
portion. The electrode may be formed of any known 
electrode material by any known process in the field 
without particular limitation. Examples of electrode ma- 

5 terials include ITO, Sn0 2 , Ag, Au, Al, Cu, Cr, and their 
alloys and multilayered structures (for example, a Cr/ 
Cu/Cr multilayered structure) and the like. As an elec- 
trode forming method, for example, an electrode mate- 
rial layer is uniformly formed on the substrate by a film 

io formation technique such as evaporation or sputtering, 
a resist pattern having the geometry of the electrodes is 
formed on the electrode material layer by photolithogra- 
phy or the like, and the spray etching is carried out ther- 
eon. In the case in which electrodes having a different 

*5 geometry are to be provided on the electrodes thus 
formed, the same steps are repeated. By such a forming 
method, it is possible to obtain a desired number of elec- 
trodes having a desired thickness and width at desired 
intervals. 

20 [0024] It is sufficient that a dummy electrode is formed 
between two lead electrode portions which are con- 
verged in different directions in the block boundary por- 
tion. The dummy electrode is provided to restrain the 
etching solvent from flowing into the block boundary por- 

25 tion when etching is carried out during electrode forma- 
tion. For simplicity of manufacturing steps, it is desirable 
that the dummy electrode should be formed of the same 
material as that for the electrodes, by the same forma- 
tion method, when the electrodes are formed. 

30 [0025] In the above-mentioned structure, it is desira- 
ble that the dummy electrode should be a substantially 
V-shape electrode which is formed along two lead elec- 
trode portions provided obliquely in different directions 
in the block boundary portion. 

35 [0026] It is desirable that the dummy electrode should 
be wider than the electrodes. The dummy electrode may 
be constituted by a plurality of electrodes arranged in 
the direction of the flow of the etching solvent. In this 
case, the dummy electrodes may have different widths. 

40 [0027] In order to make uniform the coupling capacity 
between the electrodes, it is desirable that a coupling 
portion 8 for coupling the dummy electrode to one of the 
lead electrode portions should further be formed on the 
same substrate as shown in Fig. 11. Consequently, a G 

4 $ portion and an I portion in Fig. 1 1 can have the same 
coupling capacity. 

[0028]. Moreover, the present invention provides a 
method of forming electrodes of a display panel com- 
prising the steps of forming an electrode material layer 

so on a substrate, forming a resist pattern for forming a plu- 
rality of display electrodes including display electrode 
portions arranged substantially in parallel on a central 
part of the substrate, and oblique lead electrode portions 
converged in a predetermined number for each block 

55 from the display electrode portions to reach terminal 
portions at an end of the substrate, simultaneouslyform- 
ing a resist pattern for limiting a flow of an etching sol- 
vent into a block boundary portion between traces of the 
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resist pattern for forming the electrodes which traces 
correspond to two oblique lead electrode portions ex- 
tending in different directions in the block boundary por- 
tion, and then carrying out etching to form the elec- 
trodes. 

[0029] In this electrode forming method, it is desirable 
that the resist pattern for limiting the flow of the etching 
solvent should have a substantially V-shape pattern 
formed along traces of the resist pattern for forming the 
two lead electrodes extending obliquely in different di- 
rections in the block boundary portion. 
[0030] It is desirable that the resist pattern for limiting 
the flow of the etching solvent should be wider than the 
resist pattern for forming the electrodes. Furthermore, 
the resist pattern for limiting the flow of the etching sol- 
vent may be constituted by a plurality of resist patterns 
arranged in the direction of the flow of the etching sol- 
vent. In this case, the resist patterns for limiting the flow 
of the etching solvent may have different widths, respec- 
tively. 

[0031] Embodiments of the present invention will be 
described below with reference to the drawings, and the 
present invention. is not restricted thereto. 
[0032] First of all, the construction of a display panel 
having an electrode structure according to the present 
invention will be described by taking a PDP shown in 
Fig. 1 as an example. 

[0033] Fig. 1 is a perspective view partially showing a 
general AC type 3-electrode surface discharge PDP. 
The structure shown in Fig. 1 is an example, to which 
the present invention is not restricted. The present in- 
vention can apply to any display panel having electrodes 
formed on a panel substrate by etching. 
[0034] A PDP 10 is constituted by a panel assembly 
on a front face side and a panel assembly on a back 
face side. 

[0035] The panel assembly on the front face side has 
such a structure that a pair of stripe-shaped display 
(sustain) electrodes X and Y are formed in parallel in a 
transverse direction for each display line L on a sub- 
strate 11 on the front face side, a dielectric layer 17 is 
formed to cover the display electrodes X and Y and a 
protective film 18 is formed on the dielectric layer 17. 
[0036] The substrate 1 1 on the front face side is usu- 
ally formed of a glass substrate but may be formed of a 
quartz glass substrate or the like. 
[0037] The display electrodes X and Y have an elec- 
trode structure of a display panel according to the 
present invention which will be described below and are 
formed by an electrode forming method according to the 
present invention. 

[0038] The dielectric layer 17 is formed of a material 
which is usually used for PDPs. More specifically, the 
dielectric layer 17 can be formed by applying a paste 
including a low-melting-point glass powder and a binder 
to the substrate through screen printing and burning it. 
[0039] The protective film 1 8 is provided to protect the 
dielectric layer 17 from damage caused by ion collision 



generated through discharge during display. The pro- 
tective film 18 is formed of MgO, CaO, SrO, BaO or the 
like, for example. 

[0040] In general, the panel assembly on the back 
5 face side has such a structure that a plurality of stripe- 
shaped address (data) electrodes A are formed in par- 
allel in a vertical direction on a substrate 21 on the back 
face side, a dielectric layer 24 is formed to cover the 
address electrodes A, a plurality of stripe-shaped barrier 

10 ribs 29 for partitioning a discharge space are formed in 
parallel on the dielectric layer 24 between the address 
electrodes A, and stripe-shaped fluorescent layers 28R, 
28G and 28B are formed on bottom faces and side faces 
in trenches between the barrier ribs 29. 

15 [0041] The substrate 21 on the back face side can be 
constructed of a substrate of the same type as the sub- 
strate 11 on the front face side. The dielectric layer 24 
can be formed of a material of the same type as used 
for the dielectric layer 17 provided on the substrate 11 

20 on the front face side. 

[0042] The address electrodes A also have an elec- 
trode structure of a display panel according to the 
present invention, as the display electrodes X and Y, and 
furthermore are formed by an electrode forming method 

25 according to the present invention. 

[0043] The barrier ribs 29 can be formed by sand 
blasting, printing, photoetching or the like. For example, 
after a paste including a low-melting-point glass powder 
and a binder is applied onto the dielectric layer 24 and 

30 is then burned, the resulting paste is cut by sand blasting 
to form the barrier ribs 29. Alternatively, a photosensitive 
resin is used as the binder, and the paste is exposed 
and developed using a mask and then burned. Thus, 
the barrier ribs 29 can be formed. 

35 [0044] The fluorescent layers 28R, 28G and 28B can 
be formed by applying a fluorescent paste including a 
fluorescent powder and a binder into trenches between 
the barrier ribs 29 by using screen printing, a dispenser 
or the like and repeating this operation for each color, 

*o followed by burning. Thus, the fluorescent layers 28R, 
28G and 28B can be formed. Alternatively, the fluores- 
cent layers 28R, 28G and 28B can be formed by using 
sheet-form fluorescent layer materials (so-called green 
sheets) including fluorescent powders and binders 

45 through photolithography. In this case, a sheet having a 
desired color is stuck to the whole display region on the 
substrate, and is exposed and developed. This opera- 
tion is repeated for each color so that the fluorescent 
layers of the respective colors can be formed between 

so the corresponding barrier ribs. 

[0045] The PDP 1 0 is fabricated by opposing the pan- 
el assembly on the front face side to the panel assembly 
on the back face side such that the display electrodes 
X and Y and the address electrode A are orthogonal to 

55 each other, sealing the peripheries of the panel assem- 
blies, and filling a space partitioned by the barrier ribs 
29 with a discharge gas such as neon or xenon. In the 
PDP 10, a discharge space at a cross position of the 
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display electrodes X and Y with the address electrode 
A acts as one cell region (unit light emitting region) which 
is a minimum unit of display. 

[0046] As described above, the display electrodes X 
and Y as well as the address electrodes A have an elec- 5 
trode structure of a display pane! according to the 
present invention, and furthermore, are formed by an 
electrode forming method according to the present in- 
vention. 

This will be described below. 10 
[0047] As shown in Fig. 1 2, a large number of display 
electrodes X and Y making pairs for generating a main 
discharge (surface discharge) for display are provided 
in a horizontal direction on a central part (display region) 
of the substrate 1 1 . The display electrodes X and Y are 15 
divided into a plurality of blocks and are collected and 
converged for each block at ends of the substrate 11 
(outside the display region). The display electrodes X 
and Y are connected to flexible cables with an aniso- 
tropic conductive adhesive or the like at terminal por- 20 
tions led to the substrate ends on opposite sides, and 
are then connected to their respective drivers. 
[0048] More specifically, the PDP 1 0 is a display panel 
haying 430 display lines. The display lines are divided 
into four blocks, each block having 120 display lines. 25 
120 display electrodes X and 120 display electrodes Y 
in each block are converged in the terminal portions on 
one side and on the other side respectively, and are con- 
nected to the flexible cables. That is, the display elec- 
trodes X divided into four blocks are connected to the 30 
flexible cables at four positions of one side, and so are 
the display electrodes Y on the other side. 
[0049] More specifically, the display electrodes X and 
Y are constituted by rectilinear discharge electrode por- 
tions (display electrode portions) provided in almost par- * 35 
allel in the display region of the substrate and oblique 
lead electrode portions converged in a predetermined 
number for each block, from the discharge electrode 
portions and reaching terminal portions at ends of the 
substrate on the opposite sides thereof. *o 
[0050] The display electrodes X and Y are each con- 
stituted by a transparent electrode 12 such as ITO or 
Sn0 2 and a metallic bus electrode 13 such as Ag, Au, 
Al, Cu, Cr or their multilayered structure (for example, a 
Cr/Cu/Cr multilayered structure) to reduce the resist- *5 
ance of the electrode. 

[0051] The display electrodes X and Y are formed by 
etching. More specifically, an electrode material layerfor 
the transparent electrodes such as ITO or Sn0 2 is uni- 
formly formed over the substrate 11 by a film formation 50 
technique such as evaporation or sputtering, a resist 
pattern having the geometry of the electrodes is formed 
on the electrode material layer by photolithography or 
the like, and spray etching is carried out from above the 
resist pattern. Thus, the transparent electrodes 12 are 55 
formed. The same steps are repeated by using an elec- 
trode material for the bus electrodes 13. Consequently, 
the bus electrodes 1 3 are formed. The bus electrodes 



1 3 are formed with such a length as to reach the terminal 
portions on the substrate ends, while the transparent 
electrodes 12 are formed with such a length as to stop 
in the middle of the lead electrode portions. In other 
words, the terminal portions are formed only of the bus 
electrodes. Thus, the display electrodes X and Y are 
formed in a desired number to a desired thickness and 
width at desired intervals. 

[0052] The PDP 10 is manufactured by using an inline 
manufacturing system. The display electrodes X and Y 
are subjected to spray etching. Accordingly, the spray 
etching is carried out by sequentially spraying etching 
solvent onto substrates 11 by means of a spray device 
(not shown) provided in a fired position, while delivering 
the substrates 11 oh a conveyer line. 
[0053] The address electrodes A are constituted by 
Ag, Au, Al, Cu, Cr, in a laminated structure (for example, 
a Cr/Cu/Cr multilayered structure) or the like, for exam- 
ple. The address electrodes A are also formed in a de- 
sirable number to a desired thickness and width at de- 
sired intervals by a combination of a film formation tech- 
nique such as evaporation or sputtering, photolithogra- 
phy and spray etching in the same manner as the elec- 
trodes X and Y. The terminal portions of the address 
electrodes may be alternatively led to substrate ends on 
opposite sides or may be led together to a substrate end 
on one side. Usually the former is employed. 
[0054] The detailed electrode structure of the display 
electrodes X and Y and the address electrodes A, and. 
the electrode forming method using the spray etching, 
will be described below. 

[0055] Fig. 2 is a view illustrating an electrode struc- 
ture of a display panel and an electrode forming method 
according to an embodiment of the present invention. 
Fig. 2 illustrates the details of an end of a substrate on 
which a resist pattern for forming the bus electrodes of 
the display electrodes X and Y is provided, and corre- 
sponds to Fig. 14 showing a conventional structure. 
Transparent electrodes are not shown. 
[0056] In Fig. 2, B denotes a block boundary portion, 
51a! and 51 a 2 denote a resist pattern for forming dis- 
charge electrode portions of X and Y electrodes, 52a., 
and 52a 2 denote a resist pattern for forming lead elec- 
trode portions of the Y electrodes, 33a! and 33a 2 denote 
a resist pattern for forming terminal portions of the Y 
electrodes, and 5a denotes a resist pattern for dummy 
electrode formation (shown as shaded in Fig. 2). The 
resist pattern 5a for dummy electrode formation in- 
cludes traces 33a 3 and 33a 4 for terminal portions. The 
dummy electrode is formed to extend up to the positions 
of the terminal portions. 

[0057] A trace 52a! of the resist pattern for forming a 
lead electrode portion of one block and a trace 52^ of 
the resist pattern for forming a lead electrode portion of 
another block are parted in two directions from the block 
boundary portion B, and are extended to the traces 33a! 
and 33a 2 for forming different terminal portions. 
[0058] As shown in Fig. 2, in the present embodiment, 
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when the resist pattern is formed on the electrode ma- 
terial layer, the resist pattern 5a for dummy electrode 
formation, which is not directly related to an image dis- 
play operation of the PDP, is formed to limit the etching 
solvent flowing into the block boundary portion B. 
[0059] The resist pattern 5a for dummy electrode for- 
mation is positioned in the block boundary portion B and 
is substantially V-shaped in parallel with the trace 52a 1 
of the resist pattern for forming a lead electrode portion 
and the trace 52a 2 of the resist pattern for forming a lead 
electrode portion. The resist pattern 5a has almost the 
same pattern width and pattern interval as those of the 
resist pattern of the adjacent electrodes. 
[0060] Since the resist pattern 5a for dummy elec- 
trode formation is provided, excessive supply of the 
etching solvent to the block boundary portion B is inhib- 
ited (as indicated by an arrow E in Fig. 3) even if spray 
etching is carried out while delivering the substrate 11 
in the direction of an arrow K shown in Fig. 3. Therefore, 
the flow rate of the etching solvent (flowing in the direc- 
tion of an arrow F in Fig. 3) is not increased in the block 
boundary portion B and becomes wholly uniform. 
[0061] Fig. 4 is a view illustrating a section taken along 
the line B B in Fig. 3. As described above, the flow of 
the etching solvent is wholly uniform. Consequently, the 
etching speed of an electrode material layer 32 posi- 
tioned in the block boundary portion B is almost equal 
to that in the other portions. Thus, the electrode material 
layer 32 positioned in the block boundary portion B can 
be prevented from being etched excessively. As a result, 
the width of a discharge electrode portion 53 in an elec- 
trode positioned in the block boundary portion B is al- 
most equal to that of a discharge electrode portion 51 
of an electrode which is not positioned in the block 
boundary portion B.. 

[0062] Fig. 5 corresponds to Fig. 4 showing the shape 
of the electrodes which are obtained after the etching. 
As shown in Fig. 5, the discharge electrode portions 53 
(shown as shaded in Fig. 5) of the X and Y electrodes 
positioned in the block boundary portion B have width 
almost equal to that of the discharge electrode portions 
51 of the X and Y electrodes which are not positioned 
in the block boundary portion B. 
[0063] Thus, the resist pattern 5a for dummy elec- 
trode formation provided during the formation of the 
electrodes can prevent the electrode material layer po- 
sitioned in the block boundary portion B from being ex- 
cessively etched. Thus, electrodes having a uniform di- 
mension can be formed, so that display unevenness in 
the direction of the electrodes can be prevented from 
being generated on the finished display panel. 
[0064] Although the resist pattern 5a for dummy elec- 
trode formation has been formed with almost the same 
pattern width as that of the resist pattern for the adjacent 
electrodes in the above example, the pattern width may 
be greater than that of the resist pattern for the other 
electrodes. In this case, the etching solvent gets over 
the resist pattern 5a for dummy electrode formation with 



more difficulty. 

[0065] Fig. 6 is a view illustrating a first variant of the 

resist pattern for dummy electrode formation. 

[0066] In the present example, a resist pattern 6a for 

5 dummy electrode formation having a greater width than 
that of the resist pattern for the other electrodes is pro- 
vided to enhance effects. Thus, the increase in the width 
of the resist pattern 6a for dummy electrode formation 
can make the flow of the etching solvent more uniform. 

io [0067] Fig. 7 is a view illustrating a second variant of 
a resist pattern for dummy electrode formation. 
[0068] In the present example, two resist patterns for 
dummy electrode formation are arranged in a direction 
of the flow of the etching solvent in order to enhance 

is effects more. In other words, a resist pattern 5a for dum- 
my electrode formation and a resist pattern 7a for dum- 
my electrode formation are provided. The resist patterns 
5a and 7a for dummy electrode formation are formed 
with the same widths as those of the resist pattern for 

20 other electrodes. Thus, the flow of the etching solvent 
can be made more uniform by an increase in the number 
of the resist patterns for dummy electrode formation. 
[0069] Although the two resist patterns for dummy 
electrode formation are provided in the above-described 

25 example, three or more resist patterns may be formed 
if necessary. Moreover, the width of the resist patterns 
for dummy electrode formation may also be varied prop- 
erly if necessary. 

[0070] Fig. 8 is a view illustrating a third variant in 
30 which the width of the resist pattern for dummy electrode 
formation is changed. 

[0071] In the present example, the resist pattern for 
dummy electrode formation is constituted by two resist 
patterns, that is, a resist pattern 6a having a greater 

35 width than that of the resist pattern for the other elec- 
trodes and a resist pattern 7a having the same width as 
that of the resist pattern for the other electrodes. In Fig. 
8, the resist pattern 6a having a greater width is provided 
on a downstream side in the direction of the flow of the 

<o etching solvent (in the direction shown in the arrow F of 
Fig. 3). However, this arrangement is not a limitative 
one. The resist pattern having a greater width may be 
provided on an upstream side. Moreover, as required, 
three or more resist patterns may be provided, their 

^5 widths may be changed and the combination of a wider 
resist pattern and a narrower resist pattern may be var- 
ied, optionally. 

[0072] By constituting the resist pattern for dummy 
electrode formation of the resist pattern 6a having a 

50 greater width than that of the resist pattern for the other 
electrodes, and a resist pattern 7a having the same 
width as that of the resist pattern for the other elec- 
trodes, it is possible to obtain almost intermediate ad- 
vantages between the case in which two resist patterns 

55 6a having greater widths than that of the resist pattern 
for the other electrodes are provided, and the case in 
which two resist patterns 7a having the same width the 
same as that of the resist pattern for the other electrodes 
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are provided. 

[0073] Fig. 9 is a view illustrating an example in which 
a resist pattern for forming a coupling portion to couple 
a dummy electrode to a lead electrode portion is provid- 
ed. 

[0074] In the present example, a resist pattern 5a for 
dummy electrode formation is provided and a resist pat- 
tern 8a for forming a coupling portion is provided, there- 
by forming the coupling portion for coupling the lead 
electrode portion to the dummy electrode. 
[0075] Where the oblique lead electrode portions are 
provided, a coupling capacity value of the electrode is 
changed in the block boundary portion B. As shown in 
Ftg. 10, all the electrodes are parallel with each other in 
discharge electrode portions 51 . Therefore, the coupling 
capacity generated between adjacent electrodes is al- 
most equal in all the electrodes. In the lead electrode 
portions 52, however, the coupling capacity generated 
between adjacent electrodes is varied depending on 
whetherthe electrodes are in the block boundary portion 
B or not. 

[0076] More specifically, a coupling capacity G gen- 
erated between a lead electrode portion 52u 1 and a lead 
electrode portion 52u 2 positioned thereabove has a dif- 
ferent value from that of a coupling capacity H generated 
between the lead electrode portion 52u 1 and a lead elec- 
trode portion 52d n positioned thereunder. Accordingly, 
it is supposed that this variation in the coupling capacity 
is one of the causes of display unevenness in the block 
boundary portion B. 

[0077] In order to eliminate the above-mentioned 
drawback, a coupling portion 8 is provided to couple the 
dummy electrode 5 to the lead electrode portion 52d n 
as shown in Fig. 11. With such coupling, the coupling 
capacity G generated between the lead electrode por- 
tion 52u 1 and the lead electrode portion 52u 2 positioned 
thereabove has almost the-same value as that of a cou- 
pling capacity H generated between the lead electrode 
portion 52u-, and the lead electrode portion 52d n posi- 
tioned thereunder. Moreover, the coupling capacity gen- 
erated between the lead electrode portion 52d 1 and the 
lead electrode portion 52u 1 positioned thereabove has 
almost the same value as that of the coupling capacity 
generated between the lead electrode portion 52d.| and 
a lead electrode portion 52d 2 positioned thereunder. 
[0078] By thus providing the resist pattern 8a for form- 
ing the coupling portion together with the resist pattern 
5a for dummy electrode formation during the formation 
of the electrode, and thereby coupling the dummy elec- 
trode 5 to the lead electrode portion 52d 1f the coupling 
capacity in the lead electrode portions 52 is almost equal 
in all the electrodes. Therefore, a display panel having 
uniform electrical characteristics can be obtained. 
[0079] It is desirable that the coupling portion 8 should 
be provided when the. dummy electrode 5 is formed. In 
the case in which a plurality of dummy electrodes are 
formed, the resist pattern 8a for forming a coupling por- 
tion is provided such that the dummy electrode on the 



most downstream side is coupled to the lead electrode 
portion 52d v 

[0080] The dummy electrode 5 provided by the resist 
pattern 5a for dummy electrode formation, and the cou- 

s pling portion 8 provided by the resist pattern 8a for form- 
ing the coupling portion, remain on the finished PDP in 
the same manner as other electrodes. 
[0081] Consequently, it is possible to obtain both the 
effect of restricting the flow of the etching solvent into 

10 the block boundary portion and the effect of making the 
coupling capacity uniform, and thereby eliminating dis- 
play unevenness during the driving operation of the fin- 
ished PDP. 

[0082] Although the dummy electrode 5 is coupled to 
is the lead electrode portion 52d n provided under the dum- 
my electrode 5 through the coupling portion 8 in the 
above-described example, the dummy electrode 5 may 
be coupled to the lead electrode portion 52u«, provided 
above the dummy electrode 5. The coupling portion 8 
20 may be formed in any position where it does not disturb 
display. It is desirable that the coupling portion 8 should 
have such a sufficient width as to impede the etching 
solvent getting thereover. 

[0083] By thus forming the resist pattern for dummy 
25 electrode formation, the shape of the electrodes can be 
made uniform during the manufacture of the PDP. More 
specifically, the flow of the etching solvent into the block 
boundary portion can be limited and electrode edges in 
contact with a gap between the electrodes formed con- 
30 tinuously to the block boundary portion can be prevent- 
ed from being excessively etched. Consequently, elec- 
trodes having a uniform dimension can be formed and 
display unevenness in the direction of the electrodes 
can be prevented from being generated on the finished 
35 display panel. 

[0084] Moreover, the coupling capacity between the 
electrodes may be made equal, so that the electrical 
characteristics can be made uniform. More specifically, 
a coupling portion may be formed to couple the dummy 
40 electrode to a lead electrode portion. Consequently, the 
coupling capacity of the lead electrode portions is made 
almost equal in all the electrodes. Thus, it is possible to 
obtain a display panel having uniform electrical charac- 
teristics. 

45 [0085] In a case in which the terminals are fetched to 
the substrate ends on both sides as in the embodiment 
of the present invention and in Fig. 12 (conventional art), 
a resist pattern for dummy electrode formation may also 
be provided on an outlet side of the substrate from which 

50 the etching solvent flows out, in order to prevent the 
width of electrodes from being increased due to a re- 
duction in the flow velocity of the liquid in the vicinity of 
the outlet side. A dummy electrode is desirably provided 
on the outlet side also for making the coupling capacity 

55 uniform. 

[0086] Although the description relates to examples 
in which the display electrodes X and Y are formed on 
the substrate 1 1 on the front face side, the address elec- • 
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trodes A can be formed on the substrate 21 on the back 
face side in the same manner. 

[0087] Numerous modifications and alternative em- 
bodiments of the present invention will be apparent to 
those skilled in the art in view of the foregoing descrip- s 
tion. Accordingly, this description is to be construed as 
illustrative only, and is provided for the purpose of teach- 
ing those skilled in the art the best mode of carrying out 
the linvention. The details of the structure and/or func- 
tion may be varied substantially without departing from 10 
the spirit of the invention and all modifications which 
come within the scope of the appended claims are re- 
served. 



Claims 

1. An electrode structure of a display panel compris- 
ing: 

20 

a plurality of electrodes formed in blocks on a 
substrate constituting the display panel, the 
electrodes including display electrode portions 
provided substantially in parallel in a central 
part of the substrate, and oblique lead elec- 25 
trode portions provided in a predetermined 
number for each block and extending obliquely 
from the display electrode portions to reach ter- 
minal portions at an end of the substrate, for 
each block the lead electrode portions converg- 30 
ing towards associated terminal portions, and 
a dummy electrode provided between two ob- 
lique lead electrode portions extending in dif- 
ferent directions from a boundary portion be- 
tween two adjacent blocks, for limiting a flow of 35 
an etching solvent into the block boundary por- 
tion during etching when the electrodes are 
formed. 

2. The electrode structure according to claim 1, 40 
wherein the dummy electrode is a substantially V- 
shaped electrode formed along said two oblique 
lead electrode portions extending in different direc- 
tions from said block boundary portion. 

45 

3. The electrode structure according to claim 1 or 2, 
wherein the width of the dummy electrode is larger 
than that of the electrodes. 

4. The electrode structure according to claim 1 or 2, so 
wherein the dummy electrode comprises a plurality 

of electrodes arranged one after another in the di- 
rection of the flow of the etching solvent 

5. The electrode structure according to any one of the 55 
preceding claims, wherein a coupling portion for 
coupling the dummy electrode to at least one of said 
oblique lead electrode portions is further formed on 



the same substrate. 

6. A method of forming electrodes of a display panel, 
comprising the steps of: 

forming an electrode material layer on a sub- 
strate; 

forming a resist pattern for forming a plurality 
of display electrodes arranged in blocks and in- 
cluding display electrode portions arranged 
substantially in parallel on a central part of the 
substrate, and oblique lead electrode portions 
provided in a predetermined number for each 
block and extending obliquely from the display 
electrode portions to reach terminal portions at 
an end of the substrate such that for each block 
the le'ad electrode portions will converge to- 
wards associated terminal portions; 
simultaneously forming a resist pattern for lim- 
iting a flow of an etching solvent into a block 
boundary portion between two adjacent blocks, 
the flow-limiting resist pattern being formed be- 
tween resist patterns for forming electrodes 
having traces corresponding to two oblique 
lead electrode portions extending in different di- 
rections from the block boundary portion; and 
then carrying out etching to form the electrodes. 

7. The method according to claim 6, wherein the resist 
pattern for limiting the flow of the etching solvent is 
a substantially V-shaped pattern formed along the 
traces of the resist pattern corresponding to said 
two oblique lead electrodes extending in different 
directions from the block boundary portion. 

8. The method according to claim 6 or 7, wherein the 
width of the resist pattern for limiting the flow of the 
etching solvent is larger than that of the resist pat- 
tern for forming the electrodes. 

9. The method according to claim 6 or 7, wherein the 
resist pattern for limiting the flow of the etching sol- 
vent comprises a plurality of resist patterns ar- 
ranged one after another in the direction of the flow 
of the etching solvent. 

10. A method of manufacturing a display panel having 
a plurality of display electrodes including electrode 
portions provided at a substantially equal pitch, and 
electrode terminal portions provided at least partial- 
ly at an unequal pitch on an substrate, comprising 
the steps of: 

forming an electrode material layer on the sub- 
strate; 

forming a resist film corresponding to a pattern 
of the display electrodes to be formed on the 
electrode material layer, and also a resist film 
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having a pattern for limiting a flow of a resist 
liquid into a region where the pitch of the elec- 
trode terminal portions is large; and 
carrying out etching. 
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